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@ Solid-state image pick-up apparatus with integration time control. 

@ There is disclosed a solid-state image pick-up 
apparatus provided with a solid-state image' 
sensor such as a CCD image sensor, etc. This 
sol 5 d-state image pick-up apparatus compris- 
es; a solid-state image sensor comprised of a 
plurality of photosensitive elements arranged in 
a form of a matrix having rows and columns, 
and responsive to a light incident thereonto to 
accumulate electric charges ; a plurality of ver- 
tical shift registers coupled to the respective 
columns of the matrix of the photosensitive 
elements, and adapted for receiving electric 
charges from the photosensitive elements in 
response to a sensor gate signal ; a storage 
section coupled to the vertical shift registers, 
and adapted for receiving electric charges from 
the vertical shift registers in response to s a first 
transfer signal ; a horizontal shift register' coup- 
led to the storage means, and adapted for 
receiving electric charges from the storage 
means in response to a second transfer signal 
for outputting, column by column, electric 
charges from the solid-state image sensor ; and 
a timing signal generator for sweeping out inde- 
pendently ineffective electric charges accumu- 
lated in the photosensitive elements of the odd 
rows and those accumulated in the photosensi- 
tive elements of the even rows so that the 
accumulating period of effective electric 
charges is adjustably varied in a range from one 
field period to one frame period. 
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This invention relates to a solid-state image pick- 
up apparatus using a solid-state image sensor such 
as a CCD image sensor, etc. formed by CCDs 
(Charge Coupled Devices). 

Generally, in a solid-state image sensor having a 
discrete pixel structure where a plurality of photosen- 
sitive elements are arranged in a matrix form, in order 
to cope with the interlaced scanning system em- 
ployed in an ordinary television system, photosensi- 
tive elements 21 of the odd rows and photosensitive 
elements 22 of the even rows are alternately ar- 
ranged in a vertical direction in respective columns of 
the matrix as shown in FIG. 5, for example, thus to 
line-sequentially output image pickup charges ob- 
tained in the frame storage mode or the field storage 
mode. 

In the 0oye-mentioned Jrame storage, (accumu- 
lating) mode, as shown in FIG/I6, Image pick-up 
charges So, Se are respectively accumulated within 
every one frame period in the states shifted to each 
other by one field period by phbtpsensitive elements 
21 , 22 of the odd and even rows corresponding to pix- 
els of respective fields, to interchangeably, read put, to 
vertical transfer registers 23 every field during a vert- 
ical blanking period, image pick-up charges S 0 by the 
photosensitive elements 21 of ihe bdd rows and im- 
age pick-up charges S E by the photosensitive ele- 
ments 22 of the even rows shown in Fig. 5 to line- 
sequentially output those image pick-up charges 
through a horizontal transfer register 24. Oh trie diner 
hand, in the field storage (accumulating) mode, as 
shown in FIG. 7, image pick-up charges S 0 , S E are re- 
spectively accumulated within every one field period 
by photosensitive elements 21, 22 of the odd and 
even rows corresponding to pixels of respective fields 
to read out, to the respective vertical transfer regis- 
ters 23, image pick-up charges S 0 by the photosen- 
sitive elements 21 of the odd rows arid image pick-up 
charges S E by the photosensitive elements 22 of the 
even rows in the state where combinations of image 
pick-up charges by photosensitive elements adjacent 
in upper and lower directions are changed so that re- 
spective image pick-up charges are mixed every field 
during a vertical blanking period* b line-seque?ntiaily 
output them through the horizontal transfer register 
24. 

Namely, a solid-state image sensor operative in 
the frame accumulating mode carries but ah image 
pick-up operation such that one frame period, i.e., 
1/30 seconds in the case of the NtSC system (1/25 
seconds in the case of the PAL system) is used as an 
exposure period (shutter speed). On the other hand, 
a solid-state image sensor operative in the field ac- 
cumulating mode carries out an image pick-up oper- 
ation such that one field period, i.e., 1/60 seconds in 
the case of the NTSC system (1/50 seconds in the 
case of the PAL system) is used as the exposure per- 
iod (shutter speed). 



The solid-state image sensor 20 shown in FIG. 5 
is of the structure to. line-sequentially output image 
pick-up charges obtained by the photosensitive ele- 
ments 21, 22 through the horizontal transfer register 

5 24 from the vertical transfer registers 23, and is 
known as an interline transfer type solid-state image 
sensor. Further, there have been conventionally 
known as the solid-state image sensor, in addition to 
the above-mentioned interline transfer type solid-sta- 

w te image sensor, a frame transfer type CCD image 
sensor in which e.g., vertical transfer registers by 
CCDs are provided at the portions of the photosensi- 
tive elements, and a storage .(accumulating) section 
comprised of vertical transfer registers by CCDs is 

15 provided on the terminating side of the above- 
mentioned vertical transfer registers, thus to line- 
sequentially output image pick-up charges through 
the horizontal transfer register from the storage (ac- 
cumulating) section; a frame interline transfer type 

20 solid-state image sensor provided with a storage (ac- 
cumulating).section between the.vertical transfer reg- 
isters and the horizontal transfer register in the 
above-mentioned interline transfer type solid-state 
image sensor, and the like. 

25 Further, in a solid-state image sensor such as a 

CCD image sensor, etc., there has been convention- 
ally known an electronic shutter function to sweep out 
image pick-up charges produced in the photosensi- 
tive elements into, e.g., an overflow drain to thereby 

30 control the effective charge accumulating period (ex- 
posure period). The above-mentioned electronic 
shutter functidh is realized by controlling an overflow 
drain potential by a voltage (shutter pulse) applied to 
. the substrate. 

35 Meanwhile, in a conventional solid-state image 

pick-up apparatus using a CCD image sensor having 
an electric function, in the case where ah attempt is 
made, to control the exposure period by thie above- 
mentioned electronic shutter, there are the problems 

40 described below. Namely, in a solid-state image sen- 
sor operative in the field accumulating mode, the ex- 
posure period can be controlled only within one field 
period in principle. On t he other hand, even in a solid- 
state image sensor operative in t he frame accumulat- 
es ing mode, image pick-up charges S 0f S E obtained by 
photosensitive elements corresponding to pixels of 
the first field arid photosensitive elements of the even 
rows corresponding to pixels of the second field are 
both swept out into the overflow drain by applying a 

so shutter pulse to the substrate. For this reason, even 
in the case of such solid-state image sensor operative 
in the frame accumulating mode, there was the prob- 
lem that the exposure .period is only permitted to be 
controlled solely within one field, period. 

55 This invention provides a solid-state image pick- 

up apparatus, comprising; a solid-state image sensor 
comprised of a plurality of photosensitive elements 
arranged in a form of a matrix having rows and col- 
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umns, and responsive to a light incident thereonto to 
accumulate electric charges; a plurality of vertical 
shift registers coupled to the respective columns of 
the matrix of the photosensitive elements, and adapt- 5 
ed for receiving electric charges from the photosensi- 
tive elements in response to a sensor gate signal; 
storage means coupled to the vertical shift registers, 
and adapted for receiving electric charges from the 
vertical shift registers in response to a first transfer w 
signal; a horizontal shift register coupled to the stor- 
age means, and adapted for receiving electric charg- 
es from the storage means in response to a second 
transfer signal for outputting, column by column, elec- 
tric charges from the solid-state image sensor and 15 
means for sweeping out independently ineffective 
electric charges accumulated in the photosensitive 
elements of the odd rows and those accumulated in 
the photosensitive elements of the even rows so that 
the accumulating period of effective electric charges 20 
is adjustably varied in a range from one frame period 
to one field period. 

Viewed from a second aspect, this invention pro- 
vides a solid-state image pickup apparatus, compris- 
ing; a solid-state image sensor comprised of a plural- 25 
ity of photosensitive elements arranged in a form of 
a matrix having rows and columns, and responsive to 
a light incident thereonto to accumulate : electric 
charges; a plurality of vertical shift registers coupled 
to the respective columns of the matrix of the photo- 30 
sensitive elements, the respective vertical shift reg- 
isters being adapted for receiving electric charges 
from the photosensitive elements of the odd rows in 
response to a first sensor gate signal, and adapted for 
receiving electric charges from the photosensitive 35 
elements of the even rows in response to a second 
sensor gate signal; storage means coupled to the 
vertical shift registers, arid adapted for receiving elec- 
tric charges from the vertical shift registers in re- 
sponses a first transfer signal, a horizontal shift reg- 40 
ister coupled to the storage means, and adapted for 
receiving electric charges from the storage means in 
response to a second transfer signal for outputting, 
column by column, electric charges from the solid- 
state image sensor means for delivering the first sen- 45 
sor gate signal to the solid-state image sensor so that 
electric charges accumulated in the photosensitive 
elements of the odd rows are transferred to the vert- 
ical shift registers; the first sensor gate signal being 
delivered to the solid-state image sensor twice within so 
one frame period, Lei; at a first timing during a vertical 
blanking period before an imaging period of the first 
field and ata second timing different froriithe first tim- 
ing, effective charges being transferred to the vertical 
shift registers at the first timing, arid ineffective charg- 55 
es being transferred to the vertical shift registers at 
the second timing; means for delivering the second 
sensor gate signal to the solid-state image sensor so 
that electric charges accumulated in the photosensi- 



tive elements of the even rows are transferred to the 
vertical shift registers; said second sensor gate signal 
being delivered to the solid-state image sensor twice 
within one frame period, i.e., at a third timing during 
a vertical blanking period before an imaging period of 
the second field arid at a fourth timing different from 
the third timing, effective charges being transferred 
to the vertical shift registers at the third timing, and 
ineffective charges being transferred to the vertical 
shift registers at the fourth timing; and means for de- 
livering a vertical transfer signal for transferring the 
electric charges in the vertical shift registers to the 
storage means, and for" transferring the electric 
charges in the storage means to the horizontal shift 
register, the vertical transfer signal being provided 
rapidly twice within every vertical blanking period, in- 
effective charges being' transferred from the vertical 
shift registers to the storage means by the first rapid 
vertical transfer signal, and the ineffective charges 
being read out through the horizontal shift register 
from the storage means, effective charges being 
transferred from the vertical shift registers to the stor- 
age means by the second rapid vertical transfer sig- 
nal, arid the effective charges being read out through 
the horizontal shift register for an imaging period sub- 
sequent thereto. 

Preferably the solid-state image pick-up appara- 
tus may further corriprisef means for controlling a 
maximum charge quantity which can be accumulated 
in the respective photosensitive elements of the solid- 
state' image sensor. 

Preferably the soi id- state image pick-up appara- 
tus may further comprise: means forvarying the sec- 
ond timing of the first sensor gate signal and the 
fourth timing of the second sensor gate signal, thus 
allowingthe accumulating time of effective charges to.' 
be adjustably varied in a rage from one field period to * 
one frame period. 

Viewed from a third aspect, this invention pro- 
vides a solid-state image pick-up apparatus, compris- 
ing: a solid-state image sensor comprised of a plural- 
ity of photosensitive elements arranged in a form of 
a matrix having rows arid columns, and responsive to 
a light incident thereoritp to accumulate electric 
charges; "a piuraiity of vertical shift registers coupled 
to the respective columns of the matrix of the photo- 
sensitive elements, the vertical shift registers being 
adapted for receiving' electric charges from the pho- 
tosensitive elements of the odd rows in response to 
a first sensor gate signal, and for receiving electric 
charges from the photosensitive elements of the even 
rows in response to a second sensor gate signai; stor- 
age means coupled to the vertical shift registers, and 
adapted for riec^ivirig electric char^ from the verti- 
cal shift registers in response to a first transfer signal; 
a horizontal shift register coupled to the storage 
means, and adapted for receiving electric charges 
frorn the storage mearis in response to a second 
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transfer signal for outputting, column by column, elec- 
tric charges from the solid-state image sensor; a drain 
region responsive to a shutter signal to sweep out ail 
of the electric charges accumulated in the photosen- 5 
sitive elements; means for delivering the shutter sig- 
nal once every field; ineffective charges accumulated 
in the photosensitive ^ elementS;Of the odd rows being 
swept out into the drain region by the.shutter signal 
delivered in the fir^t field, and ineffective chafes ac- 10 
cumulated in the ptotdsensitive elements of the even 
rows being swept out into the" drain region bythe.shut- 
ter signal delivered in the second field- means for de^ 
livering the first sensor gate signal to the solid-state 
image sensor so that electric charges accumulated in 15 
the photosensitive elements of the odd rows are 
transferred to the vertical shift registers; t h e first sen- 
sor gate signal being delivered to the solid-state im- 
age sensor twice wftriin one frame period, I.e., at a 
first timing during a vertical blanking period before an 20 
imaging period of the first field, and at a second timing 
immediately before the shutter signal of the. second 
field, and effective charges, which have been read out 
at the first timing and, effective charges which have 
been read out at the second timing being added in the 25 
vertical shift registers, the second sensor gate signal 
being delivered to the solid-state image sensor twice 
within one frame period, i.e., at a third timing during 
a vertical blanking period before an imaging period of 
the second field and at a fourth timing immediately 30 
before the shutter signal of the first field, and effec- 
tive charges which have been read put at the third tim- 
ing and effective charges which have been read out 
at the forth timing being added in the vertical shift 
registers, the respective additive readout operations 35 
of effective charges being carried out so that the ac- 
cumulating time of effective charges is adjustably var- 
ied in a range from one field period from one frame 
period. 

In accordance with the solid-state image pick-up 40 
apparatus thus constituted, the exposure period is 
permitted to be adjustably varied within a range from 
one field period to one frame period when controlling 
that exposure peripd. thus, an image pick-up opera- 
tion of a wide adjustable control range of the exposure 45 
period is provided, in addition, when this apparatus 
further comprises means for controlling a maximum 
charge quantity which can be accumulated in the re- 
spective photosensitive elements of the solid-state 
image ?ensor, ineffective charges generated in these so 
photosensitive elements are satisfactorily prevented 
from overflowing in the horizontal transfer register, 
thus making jt possible .to. provide an image pick-up 
output of a gppd picture quality. 

. The invention will now be described by way of e^ 55 
ample with reference to the accompanying drawings, 
throughout which like parts are referred to by like ref- 
erences, and in which: 

Fig. 1 is a view showing the configuration of a sol- 



id-state image pick-up apparatus according to a 
first embodiment of this invention; 
Fig. 2 is a timing chart showing the operation of 
the solid-state image pick-up apparatus shown in 
Fig. 1; 

Fig. 3 is a circuit diagram showing a circuit for 
controlling a maximum charge quantity which can 
be accumulated in respective photosensitive ele- 
ments of a solid-stage image sensor; 
Fig. 4 is a timing chart showing the operation of 
a solid-state image pick-up apparatus according 
„ to a second embodiment of this invention; 
Fig. 5 is a view showing the configuration of a 
conventional solid-state image pick-up. appara- 
tus; 

Fig. 6 is an explanatory view showing the image 
pickup operation in an ordinary frame accumu- 
lating mode; and 

Fig. 7 is an explanatory view showing the image 
pick-up operation in an ordinary field accumulat- 
ing mode. 

A solid-state image pick-up apparatus according 
to a first embodiment of this invention is constituted . 
as shown in FIG. 1, for example. 

The solid-state image -pick-up apparatus shown 
in FIG. 1 includes a CCD image sensor 10 driven by 
various timing signals generated by a timing signal 
generator 1. 

The solid-state image sensor 1 0 is comprised of 
a plurality of photosensitive elements 14, 1 5 arranged 
in a form of a matrix of rows and columns, and respon- 
sive to a light incident thereonto to accumulate elec- 
tric, .charges. More particularly; the photosensitive 
elements 14 are elements of the odd rows corre- 
sponding to pixels of the first field, and the photosen- 
sitive elements 15 are elements of the even rows cor- 
responding to pixels of the second field. Sensor gates 
16 are respectively provided in association with the 
photosensitive elements 14, and sensor gates 17 are 
respectively provided in association with the photo- 
sensitive elements 15. 

The solid-state image pick-up apparatus further 
comprises a plurality of vertical registers 18 having 
the number of transfer stages corresponding to the 
number scanning lines of one field. In this embodi- 
ment, an image pick-up section 11 is constituted by 
the photosensitive elements 14, 15 constituting the 
CCD image sensor 10 and the vertical shift registers 
18. More particularly, these vertical transfer registers 
18 are coupled to the respective columns of the ma- 
trix of the photosensitive elements 14, 15, and adapt- 
ed for receiving electric charges from the photosen- 
sitive elements 14; 15 in response to sensor gate 
pulses which will be described later. The solid-state 
image pick-up apparatus further comprises a storage 
section 12, which are comprised of vertical transfer 
registers 19, coupled to the vertical registers 18, and 
adapted for receiving electric charges from the verti- 
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cal shift registers 18 in response to a first transfer sig- 
nal which will be described later; a horizontal shift reg- 
ister 13 coupled to the storage section, and adapted 
for receiving electric charges from the storage section 5 
in response to a second transfer signal for outputting, 
column by column, electric charges, and a timing sig- 
nal generator 1 for generating various timing signals. 
Additionally, the horizontal shift register 13 has the 
number of transfer stages corresponding to the num- to 
ber of pixels of one line. 

More particularly, the timing signal generator 1 
generates, as shown in FIG. 2, various timing signals 
such as first and second sensor gate pulses SG 0 , 
SG E for opening respective sensor gates 1 6, 17 of the 15 
CCD image sensor 10, a vertical transfer clock pulse 
<fvi M for driving the vertical transfer registers 18 of the 
image pick-up section 10, a verticai transfer clock 
pulse <|>vsTfor driving the vertical transfer registers 19 
of the storage section 12, and a horizontal transfer 20 
clock pulse <f) H ( not shown in Fig. 2) for driving the hor- 
izontal transfer register 13, etc. 

The first sensor gate pulse SG 0 for opening the 
sensor gates 16 of the odd rows is generated during 
a vertical blanking period Vqlkq immediately before 25 
an imaging period every one frame period during 
which image pick-up charges S 0 obtained by the pho- 
tosensitive elements 14 of the odd rows correspond- 
ing to pixels of the first field are to be read out, and 
is generated at a timing earlier by a desired exposure 30 
period T EX p from the above-mentioned timing. Fur- 
ther, the second sensor gate pulse SG E for opening 
the sensor gates 17 of the even rows is generated 
during a vertical blanking period V B u<e immediately 
before ah imaging period every one frame period dur- 35 
ing which image pick-up charges S E obtained by the 
photosensitive elements 15 of the even rows corre- 
s pond ing to pixels of the second field are to be read 
out, arid is generated at a timing earlier by a desired 
exposure period T E xp frorri the above-meritipned tirrv 40 
ing. Narrieiy, the above-mentioned first and second 
gate pulses SGq, SG E are respectively produced 
twice during one frame period. 

The verticai transfer clock pulse <jviM for driving 
the vertical transfer registers 18 of the image pick-up 45 
section 11 and the vertical transfer clock pulse fasr 
for driving the vertical transfer register^ 19 of the stor- 
age section 12 are generated synchronously with 
each other. As shown in FIG. 2, for effective! imaging 
periods Tb, T E , these vertical transfer dock pulses are 50 
generated every horizontal [ scanning period (1H) cor- 
responding to the pixel pitch in a verticai direction of 
the CCD image sensor 10 and are outputted as high 
spe£d transfer pulses for respective high ispeed trans- 
fer periods T F1 , T F2 provided before and after t he tim- 55 
ings of first and second sensor gate pulses SG 0 , SG E 
during vertical blanking periods V BUK o»V BLKE every 
one field. 

Further, the horizontal transfer clock pulse <|>h for 



driving the horizontal transfer register 13 is generated 
every repetitive period corresponding to the pixel 
pitch in a horizontal direction of the CCD image sen- 
sor 10. 

Thus, the CCD image sensor 10 is driven as fol- 
lows by various timing signals such as the first and 
second sensor gate pulses SG 0 , SG E , the vertical 
transfer clock pulses ((vim. <1>vst. and horizontal trans- 
fer clock pulse <t> H , etc. as described above generated 
by the timing signal generator 1. 

First, at a vertical blanking period V BLK0 of one 
field of the first half of one frame, image pick-up 
charges S 0 of the photosensitive elements 14 of odd 
rows accumulated for the former one frame period are 
read out into the vertical, transfer registers 18 of the 
image pick-up section 11., 

Namely, the vertical transfer registers 18 of the 
image,pick-up section 11 and the vertical transfer reg- 
isters 19 of the storage section 1 2,are driven at a high 
speed by the vertical transfer clock pulses <(vi M , fa ST 
outputted as a high speed transfer pulse from the tim- 
ing signaj generator 1 during the high speed transfer 
period Jfi of the first half of the vertical blanking per- 
iod Vvlko. whereby ineffective charges remaining in 
the, vertical transfer registers 18 of the image pick-up 
section 11 are swept put Thus, the, vertical transfer 
registers 18 of the image pick-up section 11 are 
placed in an empty state. 

The sensor gates 16 of the odd rows are opened 
by the first sensor gate pulse SG 0 generated imme- 
diately after the high speed transfer period t F1 Thus, 
image pick-up charges S 0 in the photosensitive ele- 
ments 1 4 of the odd rows accumulated for the former 
one frame period are read out into the vertical transfer 
registers 18 of the image pick-up section 11 . Namely, 
image pick-up charges. S 0 in the photosensitive ele- 
ments 14 of t he odd rpws.are.read out into the vertical 
transfer register? 18 of the, image pick-up section 11 
by the first open ing operation of the sensor gates 16 
of the odd rows. 

, The image pick-up charges S 0 in the photosen- 
sitive elements of the odd rows which have been read 
into the vertical, transfer registers 18 of the image 
pick-up section 11 are transferred at a high speed 
from the vertical transfer registers 18 of the image 
pick-up section 11 to the vertical transfer registers 19 
of the storage section. 1 2 as the result of the fact that 
the vertical transfer registers 1 8 of the image pick-up 
section 1 land. the vertical transfer registers 19 of the 
storage section, 12 are driven at a high speed by the 
vertical transfer clock pulses <(vim. <I>vst outputted* as 
a high speed transfer pulse , from the timing 'signal 
generator 1. 

The image pick-up charges S 0 in the photosen- 
sitive elements of the odd rows which have been 
transferred at a high speed to the vertical, transfer 
registers 19 of the storage section 12 are transferred 
in a vertical direction by one horizontal scanning line 
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2 i 8o r li e fact that the vert,cai ^ "9- 

SHif the,m agep,ck-up section 11 andthe vert- 
ical transfer registers 19 of the storage section 12 are 

r e n s r t s r by the ^ . 

duSf v":*^ ° ne h0nZOnta ' scanni "9 Period 
ve Sr b I Ch k an ' m ' 9in9Period T ° subsequent to the 
Z cL J 109 Pe " 0d Vblk6 ' and those f ^ge pick- 

the horizontal transfer register 13 driven by the hori M 
zontal transfer clock pulse fe ^enon- w 

Here, the photosensitive elements 14 of the odd 
rows w ere image pickup charges S 0 are read out ty 
he first openmg operation of the sensor gates 16 of 
the odd rows and are placed into an empty sbtocarrv „ 

So unt, the sensor gates 16 of the odd rows afe sub- 
sequently opened. These image pick-up charges 

of t he odd rows to the vertical transfer registers 18 of ,o 
o^r 9e ?if UP Sedi0n 11 ^ the second owning 

age P ,ck-up charges S 0 ' Which have been read o^ 
•nto the vertical transfer registers 18 of the imaqe 

EZElh " Vera ^ b,ankind P^iod after the 
timmg of the sensor gate pulse SG 0 allowing the sen- 
sor gates 1 6 of the odd rows to be opened a ^^d 
opening operation. 

^Jhw Ptl °i 0sehsitive elements 14 of the odd rows 
which have been empty as the result of the fact th* 

he -mage pick-up charges S 0 ' are read out by the 
secor^opehihg operate of the sensor gates 16 of 

he odd rows carry out accumulation (storage) of 35 
these .mage pick-up charges S 6 With a period unti 
the sensor gates 16 of the odd rows are opened in the 
subsequent frame being as an effective hajes or ! 
age penod Texp . The image pick-up charges S 0 accu 
mulated or stored in the sensor gates CfW^d M 

rows dunnrthe effective charge sto^tC 
are read out into the vertical transfer registers 18 Tf 
the .mage pick-up section 11 during the vertical 
b ank.ng period V BU0 of one field of the first ha f^ 
the subsequent frame, and are line-sequentially read „ 
out through the horizontal transfer register 13 S 45 

Z ^ subsequent to the vertkS 
blanking period tf BU < 0 . • 031 

Then, during a vertical blanking period V BLKF of 
one f,eld of the latter half of one frame, image pTck so 
up charges S E of the photosensitive elements ^ of 
^evenrows which have been accumulated or stor- 
ed for the former one frame period are read out into 

Namely, by the vertical transfer clock pulses*™ * 

.m.ng s,gnal generator 1 during the high speed trans- 
fer penod Tpt of the first half of the vertical blanking 
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period V BLKE , the vertical transfer registers 18 of the 

soewi 4 ^ St0ra9e S?C,i ° n 1 2 are drive " at a high 
speed. As a result, ineffective charges remaining^ 

ectS i? tranSf6r re9i?t6rS 1 6 ° f the ima ^ P-k up 
section 11 are swept out Thus, the vertical transfer 
registers 18 of the CCD image sensor 11 are placed 
in an empty state. ; 

Then, sensor gates 17 of the even rows are 
opened by the second sensor gate pulse SG E gener- 
ated immediately after the high speed transfer period 
Jfu As a result, the image pick-up charges S E of pho- 
tosens.t.ve elements 15 of the even rows which havt 
accumulated or stored for the former one frame per! 
•od a,, read put ,nto the vertical. transfer registers 18 
of ^he image pick-up section 11, Namely, the imaqe 
Pickup charges Se in the photosensitive elements ? 5 
ofthe even rows are read out into the vertical transfer 
"mm \S of the image pick-up section ll^e 
^c^ning operation of the sensor gates 17 of the 

wkil PiCk " UP Char9es * * the second field 
which have been read out into the vertical transfer 

li?"** 1 8 ° f ^ T Plck-upsection Haretrat 

sters 18 of the image pick-up section 11 to the vert- 
cai transfer registers 1 9 of the storage section 12 as 
heresu^ofthefaqt^ttheverticalLsferreg^ 
18qf the .mage p.ck : up sectiqn 11 and. the vertical 
transfer regrstera 19 of the storage section 12 are 
S! 3 ? 9Peedl * the ve ^al transfer.clock 

JE^h*T ° UtPUtted 33 a h, '9 h s Peed transfer 
puise from the timing generator 1. 

whirh^? Dick -"P Merges S E of the second field 
which have been transferred to the vertical transfer 
registers 1 9 of the storage section 12 are transferred 

-n a vertical direction by one horizontal scanning line 
em^of the fact that the vertical transfer reg- 

fflF ' r - ' ma9e pi< *" up section 11 and the vert- 
ical transfer registers, 1 9 of the storage section 1 2 are 
dnve^by the respective transfer clock pulses ^ 
*vsr of one horizontal scanning period during anT 

ofZ P v, E SUbSequent vertical blanking 
penod V 9LK| , and are line-sequentially read out 
through; the horizontal transfer register 13 driven by 
the horizontal transfer clock pulse 

Here, the photosensitive elements 1.4 of the odd 
rows which have been empty as the result of the fact 
that (mage pick-up charges S, are r ead out by the first 
opening operation of the. sensor gates 1.7 of the even 
rows carry put accumulation prstorage of image pick- 
up charges S E until the sensor gates 17 of the even 
rovys are opened subsequently. Then, these image 
P«:k-up charges S E ' are read out from the photosen- 
s*ve elements 15 0 f the even rows into the vertical 
transfer registers 18 of the image pick-up section 11 
by the second opening operation of the sensor gates 
17 of the even rows. The image pick-up charges 
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S E ' which have been read out into the vertical transfer 
registers 18 of the image pick-up section 11 are swept 
out as ineffective charges by high speed transfer dur- 
ing the high speed transfer period T F1 of the vertical 5 
blanking period after the timing of the sensor gate 
pulse SG E of the second field allowing the sensor 
gates 17 of the even rows to be opened as a second 
opening operation. 

It is to be noted that since these ineffective charg- 10 
es are read out during the vertical blanking, period, 
they are to be removed by the subsequent signal 
processing. 

The photosensitive elements 15 of the even rows 
which have been empty as the result of the fact that is 
image pick-up charges S E are read out by the second 
opening operation of the sensor gates 17 of the even 
rows carry out accumulation or storage of image pick- 
up charges S E with a time period until the sensor 
gates of the even rows are opened in the subsequent 20 
frame being as an effective charge storage period 
T EXP , The image pick-up charges S E which have been 
accumulated or stored in the sensor gates 17 of the 
even rows during the effective charge storage period 
T EXP are read out into the vertical transfer registers 18 25 
of the image pick-up section 11 during the vertical 
blanking period V BLKE of one field of the latter half of 
the subsequent frame, and are line-sequentially read 
out through the horizontal transfer register 13 during 
am imaging period T E subsequent to the vertical 30 
blanking period V BLKE . 

As stated above, an approach is employed to 
drive the frame interline transfer type CCD image 
sensor by various timing signals generated by the tim- 
ing signal generator 1, thereby making it possible to 35 
read out interchangeably, every field, image pick-up 
charges S 0 of the first field and image pick-up charg- 
es S E of the second field accumulated or stored dur- 
ing the effective charge storage period T EX p thus to 
provide an image pick-up output obtained as the re- 40 
suit of the fact that the image pick-up operation has 
been carried out by the interlaced scanning. Further, 
since the effective charge storage period T EX p of re- 
spective fields is determined as a time period from the 
second generation timing of respective sensor gate 45 
pulses SG 0 ; SG E to the first generation timing of the 
subsequent frame, which are generated twice within 
one frame by the timing generator 1, as described 
above, the second generation timing is controlled, 
thereby permitting the effective charge storage peri- so 
od to be variable within one frame period. 

Particularly, an approach is employed to adjust- 
ably control the second generation timings of respec- 
tive sensor gate pulses SG 0 , SG E within a first one 
field period during. one frame period, thereby permit- 55 
ting the effective charge storage period T EXP to be ad- 
justably.varied within a range from one field period to 
one frame period. 

Explanation will now be given in connection with 



a circuit for controlling a maximum charge quantity 
which can be accumulated in respective photosensi- 
tive elements of a CCD image sensor as shown in Fig. 
1, for example. 

Such a CCD drive circuit 6 is constructed as 
shown in FIG. 3. Namely, this CCD drive circuit 6 is 
adapted to selectively output two kinds of voltages V- 
SUB,, V-SUB 2 generated by a voltage generation 
source 6A through a selector switch 6B to apply the 
selected one to the substrate of the CCD image sen- 
sor. The selector switch 6B switches a voltage V-SUB 
applied to the substrate of the CCD image sensor in 
dependency upon a control signal given by a control 
unit (e.g., timing signal generator 1 iri Fig. 1) to vary 
an overflow drain potential for determining a maxi- 
mum storage charge quantity Q M Ax bf respective pho- 
tosensitive elements 14, 15 of the CCD image sensor. 
In the CCD image sensor, the values of respective 
voltages V-SUB,, V-SUB 2 are set as follows. Namely, 
setting is made such that a maximum storage charge 
quantity Q M ax2 of respective photosensitive elements 
14, 15 in the case where the voltaige V-SUB 2 is ap- 
plied to the-substrate is smaller than the maximum 
storage charge quantity Q M Xxi of respective photo- 
sensitive elements 14, 15 in the case where trie vol- 
tage V-SUB, is applied to the substrate. 

In this operation mode, image pick-up charges 
S 0 ' of the photbsehsitive 'elements 14 of the odd rows 
and image pick-up charges S E of photosensitive ele- 
ments 15 of the even rows which have been read but 
into the vertical transfer registers 18 of the image 
pick-up section 11 by applying, to the image pick-up 
section 1 1 , sensor gate pulses SGq, SG E interchange- 
ably every field during imaging periods of respective 
fields are swept but as ineffective charges: Accord- 
ingly, a large quantity of unnecessary charges are 
produced. In view of t his, an approach is employed in 
this embodiment such that during high speed transfer 
period, the horizontal frahsfer pulse is caused to be 
a high speed pulse, thereby allowing the vertical 
transfer registers 18 to sweep out ineffective charges 
by high speed transfer through the horizontal transfer 
register 1 3. In this operation mode; a large unity of un- 
necessary charges are produced " as described 
above, but such large quantity of unnecessary charg- 
es can be swept but through the horizontal transfer 
register 13 by the high speed transfer. Namely, even 
if the horizontal transfer register 13 has a small 
charge transfer quantity every transfer operation,, it 
can sweep out a large quantity of ineffective charges 
by employing the high speed transfer to increase trie 
number of transfer operations. Iri addition, t he voltage 
V-SUB 2 is applied to the substrate as described 
above to allow the maximum storage charge quantity 
of respective photosensitive elements 14, 15 to be set 
to a smaller maximum storage charge quantity Q M ax2. 
thereby making it possible to reduce a quantity of in- 
effective charges produced. Thus, ineffective charg- 
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es produced in the photosensitive elements 14 15 
when a. light having an excessive light quantity is in- 
cident are prevented from overflowing in the horizon- 
tal transfer register 1 3, thus making it possible to pro- 5 
vide an image output of a satisfactory picture quality. 

It is to be noted while, in the above-described em- 
bodiment, switching between voltages V-SUB, and V- 
SUB 2 applied to the substrate of the CCD image sen- 
sor 10 is carried out to switch the maximum charge ,o 
storage quantity of. respective photosensitive ele- 
ments 14, 15 from CW, to Q^. an approach may 
be employed to continuously carry out variable con- 
trol of a voltage V-SUB applied to the substrate of the 
CCD .mage sensor 10, thereby making it possible to , 5 
continuously vary the maximum charge storage 
quantity of respective photosensitive elements 14, 

A second embodiment of this invention will now 
be descnbed with reference to FIG. 4. 20 

The timing signal generator 1 generates, as 
shown in FIG. 4, various timing signals such as a shut- 
ter pulse P SHT for.control of an electronic shutter ap- 
plied to the substrate of the CCD image sensor 10 
fist and second sensor gate pulses SG 0 , SG E for 25 
opening respective sensor gates 16, 17 of the CCD 
image sensor .10, a vertical transfer clock pulse ^ M 
for driving the vertical transfer registers 18 of the im- 
age Pick-up section 11, a vertical transfer clock pulse 
(Kst for driving the vertical transfer registers 1 9 of t he 30 
storage section 12,. and a horizontal transfer clock 
pulse <j. H for drivinglhe horizontal transfer register 13 

The first sensor gate pulse SG 0 for opening the 
sensor gates 16 of the odd rows is generated during 35 
a vertical blanking period V*^ immediately before 
an imaging period every one frame where image pick- 
up charges S 0 obtained by photosensitive elements 
14 of t he odd. rows are to be read out, and is generated 
at the tim.ng earlier by one horizontal scanning period 40 
(1H) of the shutter pulse P SHT for control of an elec- 
tronic shutterof the second field. Further, the second 
sensor gate pulses SG E for opening the sensor gates 
17 of the even rows is generated during a vertical 
blanking period immediately before an imaging period 45 
every one frame period where image pick-up charges 
S E obtained by photosensitive elements 14 of the odd 
rows are to be read out, and is generated at the timing 
earlier by one horizontal scanning period (1H) of the 
shutter pulse P SHT for controlling an electronic shutter 50 
of the first field. Namely, the above-mentioned first 
and second sensor gate pulses SG 0 , SG E are respec- 
tively generated twice during one frame period • 

Further, the shutter pulse P SHT for control of an 
electronic shutter of the first field is generated within 55 
a rangafrom one field period to one frame period be- 
fore the first sensor gate pulse SG 0 during the verti- 
cal blanking period V BLK0 . Moreover, the shutter pulse 
Psht for control of an electronic shutter of the second 
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field is generated within a range from one field period 
to one frame period before the second sensor gate 
pulse SG E during the vertical blanking period V 8LXE . 

Further, the vertical transfer clock pulse <foi M for 
dnvmg the vertical transfer registers 18 of the image 
pick-up section 11 and the vertical transfer clock 
pulse (fvsi for driving the vertical transfer registers 1 9 
of the storage section 12 are generated in a manner 
synchronous with each other. These pulses are gen- 
erated, as shown in FIG. 4, every horizontal scanning 
period (1H) corresponding to the pixel pitch in a vert- 
ical direction of the CCD image sensor 10, and are 
outputted as a high speed transfer pulse during a high 
speed transfer period T F provided immediately after 
the timings of the first and second sensor gate pulses 
SG 0 , SG E during vertical blanking periods V aLKO 
v blke every one field. 

Furthermore, the horizontal transfer clock pulse 
<)>h for driving the horizontal transfer register 1 3 is gen- 
erated every repetitive period corresponding to the 
pixel pitch in a horizontal direction of the CCD imaae 
sensor 10; 

in addition. the CCD image sensor 10 is driven as 
follows by various timing signals such as shutter pulse 
Psht* first and second sensor gate pulses SGo SG E 
vertical transfer clock pulses ^ ST , and horizontal 

transfer clock pulse ^. etc. as described above gen- 
erated bythe timing signal generators. 

Namely, image pick-up charges S 0 , S E generated 
by respective photosensitive elements 14, 15 of the 
CCD image sensor 10 are all swept out into an over- 
flow drain (provided adjacently to or below respective 
photosensitive elements,, although not shown) every 
time the shutter pulse P SHT is applied to the substrate. 

The image pick-up charges S 0 obtained by the 
photosensitive elements 14 of the odd rows are read 
out into the vertical transfer registers 18 every time 
the sensor gates 16 oMhe odd rows are opened by 
the sensor gate pulse SG 0 . Further, the image pick- 
up charges S E obtained by the photosensitive ele- 
ments 15 of the. even rows are read out into the vert- 
ical transfer registers 18 every time the sensor gates 
1 7 of t he even rows are opened by the second sensor 
gate pulse SG E . 

The photosensitive elements 14 of the odd rows 
carry out accumulation or storage of image pick-up 
charges S 0 , within a time period T 01 of about brie field 
from the time when image pick-up charges S 0 are 
swept out into the overflow drain by the shutter pulse 
Psht for control of an electronic shutter of the first 
field.-The charges S 01 accumulated or stored for this 
time period Tq, are read out into the vertical transfer 
registers 1 8 by the first sensor gate pulse SG 0 earlier 
by one horizontal scanning period of the shutter pulse 
Psht for control of an electronic shutter of the second 
field. Further, the photosensitive elements 14 of the 
odd rows accumulate or store image pick-up charges 
S 02 within a time period T 02 from the time point when 
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those image pick-up charges are swept out into the 
overflow drain by the shutter pulse P SH t for control of 
an electronic shutter of the second field to the timing 
of the sensor gate pulse SG 0 of the first field for the 5 
vertical blanking period V BLK0 . 

It is to be noted that the, reason why image pick- 
up charges S 0 i are read out at the time point earlier 
by one horizontal scanning period of the electronic 
shutter pulse P SH t of the second field is to prevent 10 
those image pick-up charges from being swept out 
into the overflow drain by the electronic shutter pulse 
P S ht of the second field. Further, the reason why 
those image pick-up charges are read out at the time 
point earlier by one horizontal scanning period of the is 
electronic shutter pulse P S ht of the second field is to 
avoid the bad influence exerted on a video signal by 
an electric shatter pulse. Namely, respective pulses 
are delivered during a horizontal blanking period. 

Image pick-up charges accumulated or stored for 20 
one horizontal scanning period between T 0 i and T 02 
are swept out into the overflow drain by the shutter 
pulse Psht for a vertical blanking period V BLKE . The im- 
age pick-up charges S 0 2 for the time period. T 0 2 are 
read out into the vertical registers by the sensor gate 25 
pulse SG 0 for the vertical blanking period V BLKE 

Thus, respective image pick-up charges S 0 i, S 0 2 
accumulated or stored for the time periods T 01 , T 02 
are added, and those added image pick-up charges 
are read out into the vertical transfer registers 18. 30 
Namely, image pick-up charges S 0 i+S 02 having 
T01+T02 as the effective charge storage period T EX p 
are read out into the vertical transfer registers 18. 

Here, an approach is employed to control the tim- 
ing of the shutter pulse P S ht for control of an electron- 35 
ic shutter of the first field, thereby making it possible 
to vary the storage time of the photosensitive ele- 
ments 14 of the.o.dd rows corresponding to pixels of 
the first field in a range from one field period to one 
frame period. 40 

The image pick-up charges S 0 i + S 02 which have 
been read out into the vertical transfer registers 18 
are transferred at a high speed from the vertical trans- 
fer registers 18 of the image pick-up section 11 into 
the vertical transfer registers 19 of the storage sec- 45 
tion 1 2 for a high speed transfer period T P provided im- 
mediately after the timing of the first sensor gate 
pulse SG 0 during a vertical blanking period V BLK0 . 

During an imaging period T 0 subsequent to the 
vertical blanking period "Tblkoi the vertical transfer so 
registers 18 of.the image pick-up section 11 and the 
vertical transfer registers, 19 of the storage section 12 
are driven by respective vertical transfer clock pulses 
4vim. <)>vst of one horizontal scanning period are driv- 
en, whereby, image pick-up charges S 0 of the first 55 
field in the vertical transfer registers 19 of the storage 
section 12 are transferred in a vertical direction. Thus, 
those image pick-up charges are outputted by one 
horizontal scanning line, i.e., line-sequentially 



through the horizontal transfer register 13 driven by 
the horizontal transfer clock pulse <j> H . 

Further, the photosensitive elements 15 of the 
even rows accumulate or storage image pick-up 
charges for the time period T E1 of about one field 
after those image pick-up charges S E are swept out 
into the overflow drain by the shutter pulse Psht 

for 

control of an electronic shutter of the second field. 
Then, the image pick-up charges S E1 for this time per- 
iod T E1 are read out into the vertical transfer registers 
18 by the first sensor gate pulse SG E earlier by one 
horizontal scanning period of the shutter pulse P S ht 
for control of an electronic shutter of the first field. In 
addition, photosensitive elements 15 of the even rows 
accumulate or store image pick-up charges S 0 2 for a 
time period T E2 from the time point when those image 
pick-up charges are swept out into the overflow drain 
by the shutter pulse P SH t for control of an electronic 
shutter of the first field to.the timing of the sensor gate 
pulse SG E of the second field for the vertical blanking 
period V BLKE . 

The image pick-up charges accumulated or stor- 
ed for one horizontal scanning period between T E1 
and T E2 are swept out into the overflow drain by the 
shutter pulse P S ht for the vertical" blanking period 
VsuKE- Thus, 'rnage pick-up charges S E2 for time per- 
iod T E2 are read out into the vertical registers by the 
sensor gate pulse SG E during the vertical blanking 
period T BLKE . 

Thus, respective. image pick-up charges S E1 , S E2 
accumulated or stored for the periods T E1 , T E2 aire 
added and those added image pick-up charges are 
read out into the vertical transfer registers 18. Name- 
ly, the image pick-up charges S E1 + S E2 with T E j" + T E2 
as the effective charge storage period T EXP are read 
out into the vertical transfer registers 18. 

The image pick-up charges S E1 +S E2 which have 
been read out into the vertical transfer registers 18 
are transferred at a highspeedfrorri the vertical trans- 
fer registers 18 of the image pick-up: section 11 to the 
vertical transfer registers 19 of the storage section 12 
for a high speed transfer period T F provided imme- 
diately after the timing of the second sensor gate 
pulse SG E during the vertical blanking period V BLKE . 

During an imaging period To subsequent to the 
vertical blanking period V Bl j<o, the vertical transfer 
registers 18 of the image pick-up section 11 and the 
vertical transfer registers 19 of the storage section 12 
are driven by the respective vertical transfer clock 
pulses <t>VIM, <|>VST, whereby image pick-up charges 
SO of the second field in the vertical transfer regis- 
ters 19 of the storage section 12 are transferred in a 
vertical direction. Thus, those image pick-up charges 
are outputted by one horizontal scanning line, i.e., 
line-sequentially through the horizontal transfer reg- 
ister 13 driven by the horizontal transfer clock pulse 

<i>H. 

In this way, it is possible to read out, from the 
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CCD ,mage sensor 10. interchangeably every field 
•mage p,ck-up charges S01+S02/SE1+SE2 under 
the state where the effective charge storage period 

tXP is set m a range from one field period to one 5 
frame period. Thus, the exposure period is controlled 
wrth.n arrange from one field period to one frame per- 
iod by the electronic shutter function, thus making it 
possible to provide an image pick-up output obtained 
as the result of the fact that an image pick-up opera- ,0 
Hon has been carried out by the interlaced scanning 
Accordingly, in at least a preferred embodiment' 
this invention provides a solid-state image pick-up ar^ 
paratus constructed to permit the exposure period to 
be adjustably varied within a range from one field per- , 5 
iod to one frame period when controlling that expos- 
ure period by the electronic shutter function, thus 
making it possible to realize an image pick-up opera- 
tion of a wide adjustable control range of the exposure 
period. 

20 

In embodiments of the invention the solid-state 
image pick-up apparatus may be provided with a sol- 
id-state image sensor of the frame interline transfer 
ype, which is adapted to transfer, to a storage section 
through vertical transfer registers, image pick-up 25 
charges obtained by photosensitive elements of the 
odd rows and photosensitive elements of the even 
rows arranged in a matrix form, which constitute an 
•mage sense (image pick-up) section, thus to line- 
sequentially output those image pickup charges 30 
through a horizontal transfer register from the storage 
section. 3 



Claims 



35 



1. A solid-state image pick-up apparatus, compris- 
ing; 

a solid-state image sensor comprised of a 
Plurality of photosensitive elements arranged in a 40 
form of a matrix having rows and columns, and re- 
sponsive to a light incident thereonto to accumu- 
late electric charges; 

a plurality of vertical shift registers cou- 
pled to the respective columns of said matrix of « 
sard photosensitive elements, and adapted for re- 
ceding electric charges from said photosensitive 
elements in response to a sensor gate signal; 

storage means coupled to said vertical 
shift registers, and adapted for receiving electric so 
charges from said vertical shift registers in re- 
sponse to a first transfer signal; 

a horizontal shift register coupled to said 
storage means, and adapted for receiving electric 
charges from said storage means in response to 55 
a second transfer signal for outputting, column by 
column, electric charges from said solid-state im- 
age sensor; and 

means for sweeping out independently in- 

10 



effective electric charges accumulated in the 
photosensitive elements of the odd rows and 
those accumulated in the photosensitive ele- 
ments of the even rows so that the accumulating 
period of effective electric charges is adjustably 
varied within a range from one field period to .one 
frame period. 

2. A solid-state image pick-up apparatus, compris- 
ing; 

a solid-state image sensor comprised of a 
• Plurality of photosensitive elements arranged in a 
form of a matrix having rows and columns, and re- 
sponsive to a light incident thereonto to accumu- 
late electric charges; 

a plurality of vertical shift registers cou- 
pled to the respective columns of said matrix of 
said photosensitive elements, said respective 
vertical shift registers being adapted for receiving 
electnc charges from the photosensitive ele- 
ments of the odd rows in response to a first sen- 
sor gate signal, and adapted for receiving electric 
charges from the photosensitive elements of the 
even rows in response to a second sensor qate 
signal; 

storage means coupled to said vertical 
shift registers, and adapted for .receiving electric 
charges from said vertical shift registers in re- 
sponse to a first transfer signal; 

a horizontal shift register coupled to said 
storage means, and adapted for receiving electric 
charges from said storage means in response to 
a second transfer signal for outputting, column by 
column, electric charges from solid-state imaqe 
sensor; 

means for delivering said first sensor gate 
signal to said solid-state image sensor so that 
electnc charges accumulated in said photosensi- 
tive elements of the odd rows are transferred to 
said vertical shift registers; 

said first sensor gate signal being deliv- 
ered to said solid-state image sensortwice within 
one frame period, i.e., at a first timing during a 
vertical blanking period before an imaging period 
of the first field and at a second timing different 
from said first timing, 

effective charges being transferred to said 
vertical shift registers at said first timing, and in- 
effective charges being transferred to said verti- 
cal shift registers at said second timing; 

means for delivering said second sensor 
gate signal to said solid-state image sensor so 
that electric charges accumulated in said photo- 
sensitive elements of the even rows are transfer- 
red to said vertical shift registers; 

said second sensor gate signal being de- 
livered to said solid-state image sensor twice 
within one frame period, i.e., at a third timing dur- 
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ing a vertical blanking period before an imaging 
period of the second field and at a fourth timing 
different from said third timing, 

effective charges being transferred to said 5 
vertical shift registers at said third timing, and in- 
effective charges being transferred to said verti- 
cal shift registers at said fourth timing; and 

means for delivering a vertical transfer sig- 
nal for transferring the electric charges in said to 
vertical shift registers to said storage means, 
and for transferring the electric charges in said 
storage means to said horizontal shift register, 

said vertical transfer signal being provided 
rapidly twice within every vertical blanking peri- is 
od, ineffective charges being transferred from 
said vertical shift registers to said storage means 
by the first rapid vertical transfer signal, and said 
ineffective charges being read out through said 
horizontal shift register from said storage means, 20 

effective charges being transferred from 
said vertical shift registers to said storage means 
by the second rapid vertical transfer signal, and 
said effective charges being read out through 
said horizontal shift register for an imaging period 25 
subsequent thereto. 

A solid-state image pick-up apparatus as set 
forth in claim 2, further .comprising: 

means for controlling a maximum charge 30 
quantity which can be accumulated in said re- 
spective photosensitive elements of said solid- 
state image sensor. 

A solid-state image pick-up apparatus as set 35 
forth in claim 2, further comprising: 

means for varying the second timing of 
said first sensor gate signal and the fourth timing 
of said second sensor gate signal, thus allowing 
the accumulating time of effective charges to be 40 
adjustably varied within arrange from one field 
period to one frame period* 

A solid-state image pick-up apparatus, compris- 
ing: 45 

a solid-state image sensor comprised of a 
plurality of photosensitive elements arranged in a 
form of a matrix having rows and columns, and re- 
sponsive to a light incident thereonto to accumu- 
late electric charges; 50 

a plurality of vertical shift registers cou- 
pled to the respective columns of said matrix of 
said photosensitive elements, said vertical shift 
registers being adapted for receiving electric 
charges from the photosensitive elements of the 55 
odd rows in response to a first sensor gate signal, 
and for receiving electric charges from the photo- 
sensitive elements of the even rows in response 
to a second sensor gate signal; 



storage means coupled to said vertical 
shift registers, and adapted for receiving electric 
charges from said vertical shift registers in re- 
sponse to a first transfer signal. 

a horizontal shift register coupled to said 
storage means, and adapted for receiving electric 
charges from said storage means in response to 
a second transfer signal foroutputting, column by 
column, electric charges from said solid-state im- 
age sensor; 

a drain region responsive to a shutter sig- 
nal to sweep out all of the electric charges accu- 
mulated in said photosensitive elements, 

means for delivering said shutter' signal 
once every field; 

ineffective charges accumulated in the 
photosensitive elements of the odd rows being 
swept- out into said drain region by the shutter sig- 
nal delivered in the first field, and ineffective 
charges accumulated in the photosensitive ele- 
ments; of the even rows being swept out into said 
drain region by the shutter signal delivered in the 
second field, 

means for delivering said first sensor gate 
signal to said solid-state image sensor so that 
electric charges accumulated in the photosensi- 
tive elements of the odd rows are transferred to 
said vertical shift registers; 

said first sensor gate signal being deliv- 
ered to said solid-state image sensor twice within 
one frame period, i.e., at a first timing during a 
vertical blanking period before an imaging period 
of the first field, and at a second timing imme- 
diately before .said shutter signal of the second 
field, and effective charges which have been 
read out at said first timing and effective charges 
which have been read out at said second timing 
being added in said vertical shift registers, 

said second sensor gate signal being de- 
livered to said solid-state image sensor twice 
within one frame period, i.e., at a third timing dur- 
ing a vertical blanking period before an imaging 
period of the second field and at a forth timing im- 
mediately before said shutter signal of the first 
filed, and effective charges which have been 
read out at said third timing and effective charges 
which have been read out at said forth timing be- 
ing added in said vertical shift registers, 

said respective additive readout opera- 
tions of effective charges being carried out so 
that the accumulating time of effective charges is 
adjustably varied within a range from one field 
period to one frame period. 



11 



EP 0 573 235 A1 



O 





13 



EP 0 573 235 A1 




14 



EP 0 573 235 A1 



6A 



V-SUBi 



68 



J 



V-SUB2 



I 



FIG.3 



-o V-SUB 



So 



Se 



So 

"sF 



So 



Se 



So 



Se 



So 



Se 



.21 



So 

"sii - 
"IF 



So 



Se 



So 



So 



Se 



'So 



Se- 



So 

"sF 



So 



Se 



So 



Se 



So 



Se 



22 

P 

VI 



So 






So 




So 












s 'Se 




Se 




Se 












So 




So 




So 












Se 




Se 




Se 












So 




So 




So 












Se 




Se 


Se 










So 


So 


So 


Se 




Se 


/■ 


Se 










So 




So 


So 








Se 




Se 


Se 





.23 



20 



24 



FIG.5 



15 



EP 0 573 235 A1 



So 
Se 





ONE FRAME 


ONE FRAMF 






1-ST 
.__ FIELD 


2-ND 
_, FIELD 


1-ST 
FIELD 


2-ND 
FIELD 

















FIG.6 



So 

Se 





ONE FRAME 


ONE FRAME 




1-ST 
FIELD 


2-ND 
FIELD 


1-St 
FIELD 


2-ND 
, FIELD 












L — - — I 









FIG. 7 



16 



EP 0 573 235 A1 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application .Number 

EP 93 30 4198 



Category 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Citation of document with indication, where appropriate, 
_ of relevant passages 



Relevant 
to claim 



US-A-5 027 218 (UEDA) 11,2,4 

* column 6, line 64 - column 7, line 63; j 
figure 1 * j 

* column 5, line 61 - line 66 * s 

Is 

EP-A-0 265 925 (KABUSHIKI KAISHA TOSHIBA) 2,5 

* column 3, line 35 - line 47'* 

* column 6, line 7 - line 36 * 

* column 8, 1 ine 52 - line 55 * 

EP-A-0 346 905 (NEC CORPORATION) 3 

* column 3, line 19 - line 27 * 

* column 7, 1 ine 46 - line 54 * 



CLASSIFICATION OF "TCIE 
APPLICATION Out. CIS) 



H04N3/15 



TECHNICAL FIELDS 
SEARCHED (Int. CIS ) 



H04N 



The present search report has been drawn up for all claims 



Place of vtmxh 

THE HAGUE 



Date of co^>fclloi of the **tk 

17 AUGUST 1993 



BEQUET T.P. 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



theory or prtaapic underlying the invention 
earlier patent document, but published on, or 
after the filing date 
document ated in the application 
document cited for other reasons 



A : member of the same patent family, corresponding 
document 



17 



